Shotgun sequencing to determine corneal infection. by Parekh, Mohit et al.
Contents lists available at ScienceDirect
American Journal of Ophthalmology Case Reports
journal homepage: www.elsevier.com/locate/ajoc
Shotgun sequencing to determine corneal infection
Mohit Parekha,b, Vito Romanoc,d,e,∗∗, Antonella Franchb,f, Pia Leonb,f, Federica Birattarib,f,
Davide Borronic, Stephen B. Kayec, Diego Ponzinb, Sajjad Ahmada,g, Stefano Ferrarib
a Institute of Ophthalmology, University College London, London, United Kingdom
b International Center for Ocular Physiopathology, The Veneto Eye Bank Foundation, Venice, Italy
c Department of Ophthalmology, St. Paul's Eye Unit, Royal Liverpool University Hospital, Liverpool, United Kingdom
dDepartment of Eye and Vision Science, University of Liverpool, Liverpool, United Kingdom
e Istituto Universitario Fernandez-Vega, Universidad de Oviedo and Fundacion de Investigacion on Oftalmologica, Oviedo, Spain
fDepartment of Ophthalmology, SS Giovanni e Paolo Hospital ULSS12, Venice, Italy
gMoorfields Eye Hospital NHS Trust Foundation, London, United Kingdom








A B S T R A C T
Purpose: To investigate if shotgun-sequencing method could be useful in detailed diagnosis of herpes simplex
virus (HSV) infection and compare it with the conventional diagnostic method.
Observations: Using a sterile scraper, the infectious part of the ocular surface was scraped gently and placed on a
glass slide for conventional diagnosis using PCR and histology and in RNA stabilizing reagent for shotgun se-
quencing respectively. Concentration of the DNA was determined using a sensitive fluorescence dye-based Qubit
dsDNA HS Assay Kit. Shotgun-sequencing libraries were generated using the NEBNext DNA ultra II protocol. The
samples were sequenced on the Illumina NextSeq 500 in high output mode with 2X150 bp paired-end se-
quencing. Taxonomic and functional profiles were generated.
Conventional diagnostic method suspected herpetic keratitis. The results indicated presence of an amplified
product of 92 bp positive HSV-DNA. Conventional diagnostic method detected the presence of Herpes Simplex
Virus DNA (type 1). Shotgun sequencing confirmed the diagnosis of HSV along with the taxonomical profiling of
the virus. These results were achieved using 1.9 ng/μL of DNA concentration (114 ng in 60 μL) of the total
sample volume.
Conclusions and importance: Shotgun sequencing is a hypothesis-free approach that identifies full taxonomic and
functional profile of an organism. This technology is advantageous as it requires smaller sample size compared to
conventional diagnostic methods.
1. Introduction
Corneal infections can arise following a corneal transplant or due to
other external causes. As cornea is avascular, it provides an immune
privilege. Hence infections could possibly lead to a slower recovery.1
Often, an urgent treatment is required in cases of corneal infections to
reduce any possible damage in the deeper layers of the tissue. There-
fore, diagnosis of the primary causative agent becomes mandatory.
Conventional methods for the detection of infectious microbes are
limited to just defining the class of an organism. Shotgun sequencing
allows a hypothesis-free approach to identify the full taxonomic and
functional profile of an organism. As it amplifies the targeted sample,
even low volumes of the samples could be sufficient to increase the
diagnostic yield.
Herpes simplex virus (HSV) has been found to be a leading cause of
infectious corneal blindness.2 Approximately 0.5 million people in the
United States are currently infected with ocular HSV.3 Not only the
prevalence, but also the costs associated with the diagnosis and treat-
ment of this infection is significantly rising for both, unilateral and
bilateral cases.4–7 Primarily, this infection can be diagnosed by its
clinical presentation, but uncommon cases of this infection can further
obstruct accurate diagnosis and hence appropriate treatment.8 Other
approaches like PCR, ELISA, immunofluorescent assays and viral cul-
tures have been used currently for specific diagnosis, although with
some limitations. Therefore, it is necessary to identify a diagnostic
approach that should be more accurate in terms of sensitivity, specifi-
city and reliability to prevent serious consequences following HSV in-
fection.9 We recently published an article showing the advantages and
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disadvantages of next generation sequencing for the detection of mi-
croorganisms present in human donor corneal preservation medium,
where we discussed the use of 16S and 18S methods in an eye bank
setting.10 This article intends to investigate if shotgun-sequencing
method could be useful clinically to carry out detailed diagnosis of a
patient suffering from HSV infection and compare it with the conven-
tional diagnostic method based on histology and PCR.
2. Materials and methods
As conventional diagnostic method is routinely performed clini-
cally, no specific consent was obtained, but the patient was fully in-
formed about the diagnostic procedures. The patient was diagnosed
with keratoconus and treated with deep anterior lamellar keratoplasty
in the left eye followed by right eye. The sutures were removed fol-
lowing which the patient had a visual acuity reduction and complained
of superficial discomfort, which was treated with topical steroids. An
increased intraocular pressure was observed with redness and pain.
Oral herpes was detected and the ocular therapy was continued si-
multaneously with oral steroids. However, no improvement was ob-
served and the patient was suspected for Herpetic Keratitis.
Routine eye check-up was performed using a slit lamp. A sterile
scraper was used to scrape the infectious part of the ocular surface (not
scraping too deep into the stroma) twice. The first scrape was gently
placed on a glass slide for conventional diagnostic method using his-
tology and PCR. Amplification of genomic fragments of HSV (specific
region of type I and common region of type I and II) was carried out.
Simultaneously, the second scrape was placed in RNA stabilizing re-
agent that was preserved at room temperature till shipped and analyzed
using shotgun sequencing.
The concentration of the DNA was determined using a sensitive
fluorescence dye-based Qubit dsDNA HS Assay Kit. For the metage-
nomic analysis, shotgun-sequencing libraries were generated using the
NEBNext DNA ultra II protocol. The samples were quality controlled
and successfully sequenced on the Illumina NextSeq 500 next genera-
tion sequencing system in high output mode with 2X150 bp paired-end
sequencing. Conversion to FastQ files and de-multiplexing of the reads
according to their respective index was performed using the bcl2fastq
software tool. The resulting reads were quality controlled, trimmed and
mapped against the humane reference genome. The un-mapped reads
were taxonomically classified using the Kraken software. Metagenomes
were assembled from un-mapped reads using CLC genomics workbench
and its microbial genomics module. Functional profiles were generated
for these metagenomes separately for best Blast hit annotation, protein
families (Pfam) domain annotation and GO term annotation respec-
tively.
Meanwhile, the patient was treated with systemic antiviral tablet
(acyclovir) and topical drops, betamethasone 0.2% plus chlor-
amphenicol 0.5% (betabioptal) and sulfamethizole 5% plus tetracycline
1% (pensulvit) being given for post herpetic re-epithelialization. At 3
months, a slight improvement in the reduction of the infection was
observed.
3. Results
Conventional diagnostic method suspected herpetic keratitis. Fibro-
necrotic material incorporating ‘activated’ stromal cell elements were
observed. The epithelium showed nuclear hyperchromatism of re-
generative source, some of them multinucleated with nuclear ‘clar-
ification’ aspects, probably secondary to viral cytopathic effect. The
results indicated presence of an amplified product of 92 bp, positive
HSV-DNA. This method detected the presence of Herpes Simplex Virus
DNA (type 1). Histology and PCR analysis indicated that the causative
agent was HSV Type 1. With a total of 32,029,553 cumulative se-
quenced reads in the sample, shotgun sequencing confirmed the diag-
nosis of HSV along with the taxonomical profiling of this virus as shown
in Table 1. These results were achieved using 1.9 ng/μL of DNA con-
centration (114 ng in 60 μL) of the total sample volume. This indicates
that especially for cases of corneal infections, where the amount of the
acquired sample is a major limitation, techniques like shotgun se-
quencing that could analyze a complete database of the given micro-
biome with relatively small amount of the sample volume, could be
highly advantageous.
4. Discussion
Target specific diagnosis of an infection is limited as it still relies on
conventional microbial culture techniques for the identification of a
pathogen. Shotgun approach has a potential to take over as a valid
alternative to conventional diagnostic method, as it demonstrates the
nature of a given infection. It further allows full taxonomical profiling
of the infection, which is a huge limitation with conventional meth-
odologies. Although conventional diagnostic method can be used for
quick identification of the causative agent, a detailed taxonomy and
function could be advantageous for target validation purposes and
specific treatments. An empiric treatment is usually based on the sus-
ceptibility test of the isolated organism, which remains one of the
technical challenges with the conventional methods, as it cannot target
the identification of specific pathogens with complete details. Shotgun
sequencing in such cases could therefore be useful to obtain detailed
taxonomical and functional identification-based diagnosis.11
Traditional microbial cultures require huge volume of samples for
analysis that are difficult to obtain in most of the clinical samples.12
Shotgun sequencing is advantageous in determining the total micro-
biome from as little as 1ng volume of the sample. Many studies have
shown the clinical potential of this technique which includes deep
characterization of microbiome13 for both, acute and chronic stages,14
human host response analyses and its applications in oncology. Al-
though the number of reads could be useful in determining the like-
lihood of the presence of an organism, a control group is necessary to
correlate with the ocular surface microbiome of a healthy subject.
However, as the microbiome of each individual is different, this be-
comes fairly impossible unless a significant amount of samples are
collected and analyzed. This was also observed from the Krona chart
where the bacterial species can also be observed, possibly from the
environment and the ocular surface (Fig. 1).
These technologies heavily rely on the analysis of the downstream
bioinformatics data. It becomes difficult for a clinician to analyze huge
datasets on a routine patient-to-patient basis. The clinicians, however,
could benefit from the decoded data from these datasets further in-
creasing the specificity of diagnosis. Advanced bioinformatics software
could allow processing only the required data with the resistance pro-
file, which could potentially transform NGS into a widespread practi-
cally and clinically feasible technique. As most of these techniques are
Table 1
Taxonomical profiling of HSV from the patient suffering from Herpetic Keratitis including the number of reads per sample.
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published as retrospective case reports and series, its true clinical po-
tential therefore would be established after a prospective clinical
trial.15,16 However, it's sensitivity and enrichment or depletion
methods, laboratory workflow, reference standards for downstream
analysis, bioinformatics challenges, regulatory issues, the associated
costs, determining the presence of actual live organisms, turnover time
could be considered as current limitations when such techniques are
deemed for routine clinical practice.16 The turn-around time and costs
are predicted to be significantly reduced with advances in this field.
Conventional diagnostic method and metagenomics could hence be
considered simultaneously to acquire data and create large databases
that could be used in the future as a reference to correlate and make this
technique highly specific both, in terms of diagnostics and treatments.
5. Conclusion
Shotgun sequencing allows a hypothesis-free approach to identify
complete taxonomical and functional profile of an organism. This
method confirmed the diagnosis of HSV along with the conventional
diagnostic method. The results were achieved using 1.9 ng/μL of DNA
concentration (114 ng in 60 μL) of the total sample volume thus
showing advantages over conventional diagnostic method.
Patient consent
Written consent to publish this case has not been obtained. This
report does not contain any personal identifying information. As con-
ventional diagnostic method is routinely performed clinically, no spe-
cific consent was obtained, but the patient was fully informed about the
diagnostic procedure.
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Fig. 1. Krona chart showing the distribution of organisms found in the sample with a total number of 525,326 assigned reads.
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